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Patients with cardiac implantable electrical devices should take precautions when
exposed to electromagnetic ﬁelds. Possible interference as a result of proximity to
electromagnets or electricity ﬂow from electronic tools employed in clinical odontol-
ogy remains controversial. The objective of this study was to examine in vitro the
capacity of dental equipment to provoke electromagnetic interference in pacemakers
and implantable cardioverter deﬁbrillators. Six electronic dental instruments were
tested on three implantable cardioverter deﬁbrillators and three pacemakers from
diﬀerent manufacturers. A simulator model, submerged in physiological saline, with
elements that reproduced life-size anatomic structures was used. The instruments
were analyzed at diﬀering distances and for diﬀerent time periods of application.
The dental instruments studied displayed signiﬁcant diﬀerences in their capacity to
trigger electromagnetic interference. Signiﬁcant diﬀerences in the quantity of regis-
tered interference were observed with respect to the variables manufacturer, type of
cardiac implant, and application distance but not with the variable time of applica-
tion. The electronic dental equipment tested at a clinical application distance
(20 cm) provoked only slight interference in the pacemakers and implantable car-
dioverter deﬁbrillators employed, irrespective of manufacturer.
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Cardiac implantable electrical devices (CIEDs), which
include pacemakers (PMs) and implantable cardioverter
deﬁbrillators (ICDs), are electronic appliances that are
capable of analyzing the heart’s rhythm and regulating
cardiac arrhythmia through an electrical stimulus. Car-
diac implantable electrical devices are typically placed
subcutaneously, through a surgical procedure, in the
left infraclavicular region and are connected by ﬂexible
electrode leads via the subclavian vein.
Pacemakers monitor the electrical activity of the
heart and provide stimulation and heart conduction
through electrical pulses. Implantable cardioverter deﬁ-
brillators permanently control heart rate, and only in
the case of speciﬁc arrhythmias do they emit electrical
discharges.
In spite of the fact that present-day CIEDs possess
protective mechanisms that recognize and ﬁlter most
interference, some electromagnetic currents could tem-
porarily aﬀect their function (1). Electromagnetic inter-
ference takes place when the electromagnetic ﬁeld of an
electromagnet, or the ﬂow of electricity generated by an
instrument, interferes with the normal working of a
nearby appliance. Electromagnetic signals, if they are
aﬀecting CIEDs, can produce electrical noise or even
simulate electrical activity of the heart (1–5).
Dental practice frequently involves the use of sophis-
ticated electronic and electromagnetic equipment within
the oral cavity. The proximity of the lower third of the
face with the infraclavicular region, where CIEDs are
usually implanted, could augment the risk of interfer-
ence in their function (5).
In odontology, an ultrasonic dental scaler is princi-
pally used to eliminate hard deposits on the teeth via
ultrasonic energy, which has a frequency >20 KHz (6–
8). The electronic apex locator is an instrument that
employs low alternating current in order to measure
the length of root canals precisely (9–12). The electric
pulp tester uses high-frequency, low-intensity electric
currents to produce small discharges that evaluate the
vitality of sensory ﬁbers in the pulp tissue (13–15). The
electrosurge is a unipolar or bipolar surgical instrument
with cutting and cauterizing functions that employs
alternate electrical currents. Within the ﬁeld of den-
tistry, the most commonly used electrosurge instrument
is unipolar with a low-intensity current and a frequency
of 100 KHz (3, 16, 17). The osseointegration monitor-
ing tools Osstell ISQ and Periotest M are based on dif-
fering principles. The mechanism of Osstell ISQ relies
on the resonance frequency analysis of a wave applied
to the implant surface (5–15 KHz and 1 V peak ampli-
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tude) (18–20). Periotest M carries out measurements via
an electromagnetic mechanism that requires high-fre-
quency energy for its internal functioning; however, the
external emissions are very low (19–21).
Owing to their wide clinical applications and the levels
of scientiﬁc evidence associated with their therapeutic
results, the use of CIEDs has spread considerably. In the
USA, the number of implanted CIEDs rose from 9,000
in 1990 to 143,000 in 2005 (22). Similar increases have
been observed in European countries (23). The surge of
patients with CIEDs has made it necessary to establish a
consensus concerning their compatibility with certain
electronic instruments employed in the ﬁeld of clinical
dentistry. At present, there is some controversy in the lit-
erature with respect to the possible interference of these
electronic instruments with PMs and/or ICDs.
The aim of the present in vitro study was to examine
the behavior of CIEDs under the inﬂuence of electronic
and electromagnetic equipment employed in the ﬁeld of
dentistry.
Material and methods
This in vitro study was jointly designed by the Odontosto-
matology Department at the University of Barcelona and
the Arrhythmia Unit of the Cardiology Service at the Bell-
vitge University Hospital (University of Barcelona).
With respect to the inclusion criteria, all electronic den-
tal instruments tested in the study were required to possess
the capacity to generate electrical or electromagnetic ﬁelds
derived from their mechanisms of action. In addition,
manufacturers had counterindicated their use in patients
with CIEDs.
The following equipment was employed: an electrosurge
(XO Odontosurge; XO Care, Hørsholm, Denmark); an
electric pulp tester (Denlux B 1000 Pulppen; Dental Elec-
tronic, Ballerup, Denmark); an ultrasonic piezoelectric
dental scaler (Satelec Suprasson P5 Booster; Acteon
Group, Merignac Cedex, France); an electronic apex loca-
tor (Morita Root ZX; Morita, Irvine, CA, USA); and the
osseointegration monitoring tools, Periotest M (Medizin-
technik Gulden, Modautal, Germany) and Osstell ISQ
(Osstell AB, G€oteborg, Sweden).
All the CIEDs fulﬁlled the following inclusion criteria:
the generator was new, and, during a previous function
test, presented no errors or structural defects.
Three diﬀerent types and manufacturers of PM [Med-
tronic Adapta DR ADDR01 (Medtronic, Minneapolis,
MN, USA), Boston Scientiﬁc Insignia I Ultra (Boston Sci-
entiﬁc, Natick, MA, USA), and Biotronik Estella SR-T
(Biotronik SE, Berlin, Germany)], and three diﬀerent types
and manufacturers of ICD [Medtronic Secura DR (Med-
tronic), Boston Scientiﬁc Teligen 100 (Boston Scientiﬁc),
and Biotronik Lumax 540 VR-T DX (Biotronik SE), were
included in the study (Fig. 1). The new electrode leads
with normal insulation were Capsure Fix MRI 5086 (Med-
tronic) for the PMs and Sprint 6932 (Medtronic) for the
ICDs. The electrode leads with deteriorated insulation
were 5038 VDD (Medtronic) for the PMs and Sprint Fid-
elis 6949 (Medtronic) for the ICDs. Bipolar electrode leads
were employed in all the experiments.
The study was performed with a simulated model made
of Forex (Airex AG, Sins, Switzerland), a plastic derived
from expanded polyvinyl chloride (PVC). The model
reproduced a number of life-size anatomic structures of
reference, such as the thorax, neck, and lower jaw. It was
ﬁlled with a solution of 0.4% saline in order to obtain an
electrical impedance similar to that in the human body.
The CIEDs were placed with their electrode leads in posi-
tions corresponding to where these leads would be placed
in vivo (Fig. 1A,B).
The following variables were taken into consideration:
application distance (dA) and application time (tA) of the
instruments; dental equipment type; the type and manufac-
turer of the CIEDs; and the state of the insulation of the
electrode leads of the CIEDs: normal (nI) vs. deteriorated
(dI). Insulation abrasion has been reported as a common
problem aﬀecting the leads of silicone cardiac implantable
devices. Abrasions may occur when a lead is in contact
with the pulse generator in the pocket (can abrasion),
other leads (lead-to-lead abrasion), other devices (annu-
loplasty ring), and anatomic structures (clavicle, rib). The
implantation procedure through the jugular veins increases
the risk of electrode lead bends along the way to the gen-
erator and may also eventually induce breaks in its insula-
tion (24, 25).
The dental equipment was set at pulse mode – on/oﬀ –
in the tests with the variable dA in order to test the most
critical phases of the CIEDs that occur when these devices
are switched on and oﬀ. In the tests with the variable tA,
the instruments were continuously set at the ‘on’ mode. In
all testing the dental equipment was set at maximum
potency and the CIEDs were programmed to maximum
sensitivity mode.
A positive control – direct contact of an electrosurge
with a CIED – which always induced electromagnetic
interference, was established. The negative control corre-
sponded to the normal functioning of the CIEDs, as
reﬂected in their corresponding electrocardiography regis-
ter.
The experiments with the variable dA were performed
with electrode lead insulation in normal (dAnI) and deteri-
orated (dAdI) conditions. The tests for dAnI were carried
out at 20 cm from the PM/ICD, at 1 cm from the PM/
ICD, and at 1 cm from the electrode tip (1 cm ET). The
tests for the dAdI were the same as for the dAnI with an
additional test at 1 cm from the deteriorated insulation
region (1 cm Fx). The experiments with the variable tA
were also performed with the electrode lead insulation in
normal (tAnI) and deteriorated (tAdI) conditions. In both
cases there was continuous application of the instrument
for 10 s at 20 cm from the PM/ICD. In the tests where
electromagnetic interference was observed, the time period
of application was increased to 60 s. All tests were carried
out three times for each of the dental instruments studied,
in agreement with the principles of Repeatability for the
Validation for Analytical Procedures (26), providing a
ﬁnal total of 972 tests/observations.
All tests were monitored with speciﬁc telemetry connec-
tions for each CIED: Carelink Programmer – Model 2090
(Medtronic), Zoom Latitude 3120 (Boston Scientiﬁc), and
Renamic (Biotronik SE). The electrocardiography results
were printed and evaluated with the assistance of an elec-
trophysiologist (Fig. 1C). Data from each test were regis-
tered as binary, according to whether or not interference
was produced, the class of electromagnetic interference,
and its category (degree of severity). For the PMs/ICDs,
the electromagnetic interference categories were: electrical
noise, electrical reset, deprogramming, and short- and
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long-lasting stimulation inhibition. Inappropriate discharge
was considered as electromagnetic interference exclusively
for the ICDs and was a consequence of a false signal
incorrectly interpreted as an arrhythmia. Classiﬁcation of
the severity of the observed interference was determined
by an electrophysiologist with respect to possible clinical
repercussions: absence, no interference; light, electrical
noise or reset; moderate, deprogramming; severe, short-
lasting stimulation inhibition (≤3 pacings); and very severe,
inappropriate discharge and long-lasting stimulation inhi-
bition (>3 pacings).
Statistical analysis was performed using the chi-square
test or Fisher’s exact test, as appropriate. The level of sta-
tistical signiﬁcance for all the tests was P < 0.05. In the
case of double interference, only the most severe one was
taken into consideration, in order to avoid errors and
redundant data.
Results
Dental equipment variable
During analysis of the dental instruments, all, at some
time, showed the capacity to induce electromagnetic
interference in the CIEDs. With respect to the severity
of the interference, signiﬁcant diﬀerences were observed
among the diﬀerent instruments tested (P < 0.001). In
the light and moderate categories the greatest amount
of electromagnetic interference was triggered by the
electrosurge. In the severe category, however, it was the
electric pulp tester that caused the most electromagnetic
interference (Table 1).
Distance of application variable (dA)
With respect to the dA, the quantity of interference
induced in the CIEDs was statistically signiﬁcant for all
the dental equipment (P < 0.001).
For the ICDs, the electric pulp tester and ultrasonic
piezoelectric dental scaler displayed signiﬁcant diﬀer-
ences in the amount of electromagnetic interference
induced according to the distance of application
(P < 0.001) and (P = 0.002), respectively. The elec-
tronic apex locator, electrosurge, Osstell ISQ, and
Periotest M did not, however, present signiﬁcant diﬀer-
ences for this variable (P > 0.05). The greatest amount
of electromagnetic interference was produced 1 cm
from the area where the electrode lead insulation had
deteriorated (1 cm Fx) (P < 0.001) (Table 2).
In the case of PMs, the electric pulp tester
(P < 0.001), Osstell ISQ (P = 0.001), Periotest M
(P = 0.003), and ultrasonic piezoelectric dental scaler
(P = 0.005) displayed signiﬁcant diﬀerences in the
amount of electromagnetic interference induced,
according to the distance of application. However, the
electronic apex locator and electrosurge did not
(P > 0.05). A signiﬁcantly greater quantity of electro-
magnetic interference was associated with a distance of
1 cm from the electrode tip (1 cm ET) (P < 0.001)
(Table 2).
The distance between the CIED, located in the in-
fraclavicular region, and the oral cavity is generally
about 20 cm. At this distance only two electric noises
(electromagnetic interference light category), which
A
B C
Fig. 1. (A) Diagram showing the simulated model in which the implants with cardiac activity were positioned for the in vitro
experiments. (B) Simulated model with the cardiac implantable electrical device (CIED) and its corresponding electrode lead posi-
tioned to reproduce the situation in vivo. (C) Programmers with telemetry connections used to monitor the behavior of each
CIED model during the study.
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were induced by electrosurge, were reported in PMs.
For the ICDs, 24 electric noises were observed (electro-
magnetic interference light category), which were
induced by various dental instruments (Table 2).
Time of application variable (tA)
In the analysis of tA, it was observed that lengthening
the time from 10 s to 60 s did not modify the amount
of electromagnetic interference for any of the CIEDs
(P = 1.000), a result that was reported for both normal
(P = 1.000) and deteriorated (P = 1.000) electrode lead
insulation.
Type of CIED variable (PM vs. ICD)
In the analysis of the type of CIED variable with
respect to interference and its degree of severity, overall
the ICDs presented the greatest amount (P < 0.001)
and the largest number of electromagnetic interference
in the category light (P < 0.001). The PMs, however,
displayed the greatest amount of moderate and severe
interference (P < 0.001) (Table 3).
Manufacturer of CIED variable
In the analysis of the diﬀerent manufacturers of CI-
EDs, signiﬁcant diﬀerences were observed for electro-
magnetic interference (P < 0.001). In the PMs the
number of interferences were 75 for Boston Scientic, 38
for Biotronik, and 24 for Medtronic, and, in the ICDs,
were 114 for Boston Scientic, 18 for Medtronic, and 15
for Biotronik (P < 0.001) (Table 4).
Electrode lead insulation integrity (nI vs. dI) variable
In the analysis of the electrode lead insulation integrity
variation (normal vs. deteriorated) statistical signiﬁ-
cance was globally observed in the number of interfer-
ences (P < 0.001), with higher electromagnetic
interference values when the insulation was deterio-
rated. Signiﬁcant diﬀerences were also reported when
the variable nI vs. dI was evaluated with respect to dA
(P < 0.001) and tA (P = 0.032), again with higher elec-
tromagnetic interference values for deteriorated insula-
tion.
Discussion
Pacemakers and ICDs are sensitive to external electro-
magnetic interference. In spite of the fact that the smal-
ler, present-day CIEDs have better protective
characteristics, their normal function can be aﬀected by
some electronic dental instruments that emit electro-
magnetic waves (5).
To the best of our knowledge, no previous studies
have evaluated the electromagnetic interferences
induced by either the Osstell ISQ or the Periotest M.
Most dental research has been focused on electronic
apex locators, ultrasonic dental scalers, electrosurge
instruments, and electric pulp testers (8, 11, 12, 27–36).
In reference to the electric pulp tester, the ﬁrst in vivo
study, performed by WOOLLEY et al. (27), reported that
this instrument provoked electromagnetic interference
in PMs. Some authors observed that electric pulp tes-
ters did not induce electromagnetic interference in PMs
(28, 30). More recently, WILSON et al. (34) stated that
electric pulp testers did not induce any kind of interfer-
ence in vivo in the ICDs and PMs studied. In our
work, the electric pulp tester was the instrument that
triggered the greatest number of interferences in PMs
and ICDs, and was also the device that caused the
most severe electromagnetic interferences. After analyz-
ing the discrepancies in these published studies we are
of the opinion that they could be because an in vivo
model was used in contrast to an in vitro one. It can
be diﬃcult with in vivo studies to carry out certain spe-
ciﬁc situations that are easily reproducible in an in vitro
experimental model. Therefore, the model chosen for
our in vitro study could explain the increased electro-
magnetic interference in the CIEDs.
The capacity of ultrasonic dental scalers to interfere
with CIEDs has been widely studied by several authors.
Table 1
Electromagnetic interference category of severity adjusted according to the dental equipment tested
Dental equipment
Degree of severity
Light Moderate Severe Very severe Total
n %† P* n %† P* n %† P* n %† P* n %† P*
EPT 18 12.4
<0.001
0 0.0
<0.001
33 49.25
<0.001
0 0.0
<0.001
51 23.7
<0.001
EAL 15 10.3 0 0.0 0 0.0 0 0.0 15 6.97
OT 33 22.8 0 0.0 6 8.96 0 0.0 39 18.14
ES 37 25.5 3 100.0 16 23.88 0 0.0 56 26.04
PT 18 12.4 0 0.0 6 8.96 0 0.0 24 11.2
UDS 24 16.6 0 0.0 6 8.96 0 0.0 30 13.95
Total 145 100.0 3 100.0 67 100.0 0 0.0 215 100.0
EAL, electronic apex locator; EPT, electric pulp tester; ES, electrosurge; OT, Osstell ISQ; PT, Periotest M; UDS, ultrasonic dental scaler.
*P value (Fisher’s exact test).
†% total interference according to degree of severity
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ZAPPA et al. (30) did not report in vivo interference
from an ultrasonic dental scaler on PMs. PATEL et al. (33)
concluded that an ultrasonic dental scaler could be
employed with the patients ﬁtted with a PM included
in their study. In agreement with this ﬁnding, our
research showed that, at a clinical distance of applica-
tion (20 cm), no electromagnetic interference was
recorded for the ultrasonic dental scaler with the tested
PMs. In contrast, MILLER et al. (31) reported in vitro
the presence of electromagnetic interference with the
use of an ultrasonic dental scaler in uni- and bipolar
PM groups. ADAMS et al. (29) speciﬁed that they had
detected interference only when the ultrasonic dental
scaler handpiece was at a distance of 6 cm or less from
the PM electrode leads. We also observed electromag-
netic interference when the ultrasonic dental scaler
application distance was up to 1 cm from the PM, and
up to 1 cm from the area where the electrode lead insu-
lation had deteriorated.
In contrast, electromagnetic slight interferences were
reported for ICDs, even at clinical application dis-
tances (20 cm). ROEDIG et al. (36) evaluated in vitro
the eﬀects of various dental instruments on PMs and
ICDs and observed that ultrasonic dental scaler
induced interference in all the CIEDs studied. They
also reported that interference generally occurred close
to the generator, especially when near the electrode
leads. In our in vitro study no diﬀerences between
applications at 1 cm from the generator vs. 1 cm from
the electrode tip were observed. Recent in vivo
research, conducted by MAIORANA et al. (8), led to the
conclusion that ultrasonic dental scaler did not inter-
fere with the ICDs tested. In our study, this equipment
triggered interference in the PMs and ICDs, particu-
larly when applied near the deteriorated areas of the
electrode lead insulation or the electrode tip. In 2000,
the American Academy of Periodontology established
clinical guidelines for ultrasonic dental scalers, recom-
mending that they should not be employed in patients
with PMs (37). However, these criteria were revoked
in 2007 and, at present, there are no guidelines con-
cerning their use in patients with a PM. Scientiﬁc evi-
dence suggests that normal clinical use of this dental
ultrasonic equipment has no eﬀect on CIEDs (8, 29,
32, 33, 35, 38). In our study, the ultrasonic dental
scalers, at a clinical distance of application (20 cm),
only produced light electromagnetic interference in the
ICDs.
The electrosurge has been tested in several studies.
WOOLLEY et al. (27) reported that electrosurge pro-
voked electromagnetic interference in PMs in vivo. In
contrast, BRAND et al. (35), in an in vitro study with
electromagnetic equipment, including the electrosurge,
concluded that the instruments tested did not emit
any electromagnetic interferences of risk for the CI-
EDs analyzed. Other authors conﬁrm these results
(30). It should be recognized that, in our study, the
electrosurge triggered electromagnetic interference in
both types of CIEDs, particularly in the PMs, and
above all when applied at 1 cm from the generator
or 1 cm from the electrode tip. Indeed, the manufac-
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turer, Boston Scientiﬁc, does warn that certain pre-
cautions must be taken during the use of an electro-
surge in order to minimize the risk of interference
(39).
There are various publications which make refer-
ence to the possible eﬀects of the electronic apex loca-
tor on PMs and ICDs. GAROFALO et al. (32), in their
in vitro study, concluded that electronic apex locator
could be used without risk in patients with PMs.
PATEL et al. (33) concluded that electronic apex loca-
tor could be employed with patients ﬁtted with a PM
who were included in their study. In similar manner,
WILSON et al. (34) observed in vivo that electronic
apex locator did not induce any kind of interference
on the PMs and ICDs studied. More recently, GOMEZ
et al. (11) reported that electromagnetic interference
only occurs in vitro when the electronic apex locators
are applied close to the electrode tip, and occasionally
near PMs. IDZAHI et al. (12), in their in vitro research,
did not ﬁnd any interference from the electronic apex
locators on the ICDs studied. According to our
results, the electronic apex locator is also considered
to be a safe instrument when used at a clinical appli-
cation distance (20 cm).
Publications comparing PM and ICD behavior with
respect to electronic dental equipment are scarce (36).
In our in vitro study, the ICDs displayed a greater
quantity of light electromagnetic interference, whereas
that presented by the PMs was moderate and severe. In
this respect, PINSKI et al. (40) aﬃrmed that the ICDs
have greater sensitivity as they are designed for early
detection of ventricular tachyarrhythmia, which would
account for the higher electromagnetic interference in
our ﬁndings.
Regarding classiﬁcation of interference, some authors
agreed to categorize the severity of each stimulation
inhibition according to the PM dependence and the
duration of this induced inhibition on CIEDs (1, 41).
In our study, short-lasting stimulation inhibitions (≤ 3
pacings) were classiﬁed in the severe category. On the
other hand, long-lasting stimulation inhibitions (>3
pacings) were classiﬁed in the very severe category.
Table 4
Electromagnetic interference adjusted according to the cardiac implantable electrical device (CIED) manufacturers analyzed
Manufacturer
Electromagnetic interference variable
TotalElec. noise Elec. reset Deprogram. Sti. inhibition Inap. disc‡
n %† P* n %† P* n %† P* n %† P* n %† P* n %† P*
Global
Biotronik 28 9.9 <0.001 0 0.0 nc 3 11 0.110 22 7.7 0.401 0 0.0 nc 53 18.7 <0.001
Boston 162 57.0 0 0.0 0 0.0 27 9.5 0 0.0 189 66.5
Medtronic 24 8.5 0 0.0 0 0.0 18 6.3 0 0.0 42 14.8
PM
Biotronik 19 6.7 <0.001 0 0 nc 3 1.1 0.110 16 5.6 <0.005 – – – 38 13.4 <0.001
Boston 48 16.9 0 0 0 0 27 9.5 – – 75 26.4
Medtronic 15 5.3 0 0 0 0 9 3.2 – – 24 8.5
ICD
Biotronik 9 3.2 <0.001 0 0 nc 0 0 nc 6 2.1 <0.004 0 0 nc 15 5.3 <0.001
Boston 114 40.1 0 0 0 0 0 0 0 0 114 40.1
Medtronic 9 3.2 0 0 0 0 9 3.2 0 0 18 6.4
Deprogram., deprogramming; Elec., electrical; EMI, electromagnetic interference; ICD, implantable cardioverter deﬁbrillator; Inap. disc,
inappropriate discharge; nc, not calculated; PM, pacemaker; Sti. inhibition, stimuation inhibition.
*P value (Fisher’s exact test).
†% according to total EMI (n = 284).
‡EMI inappropriate discharge was found only in the ICDs.
Table 3
Electromagnetic interference severity categories adjusted according to the type of cardiac implantable electrical device (CIED)
analyzed
CIED
Degree of severity
Light Moderate Severe Very severe Total
n %† P* n %† P* n %† P* n %† P* n %† P*
PM 28 19.3
<0.001
3 100.0
<0.001
52 77.6
<0.001
0 0.0
<0.001
83 38.6
<0.001ICD 117 80.7 0 0.0 15 22.4 0 0.0 132 61.4
Total 145 100.0 3 100.0 67 100.0 0 0.0 215 100.0
CIED, cardiac implantable electrical device; ICD, implantable cardioverter deﬁbrillator; PM, pacemaker.
*P value (Fisher’s exact test).
†% total of interference according to degree of severity.
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It has been reported, by some researchers, that insu-
lation abrasion is a common problem aﬀecting the
silicone electrode leads of CIEDs (24, 25). According to
our results, the state of insulation of the electrode lead
was a variable that had a considerable eﬀect on the
amount of electromagnetic interference registered; dete-
rioration increased the quantity of electromagnetic
interference.
For in vitro experimental protocols, a bucket ﬁlled
with a saline solution that has had its impedance
adjusted to human body values is generally used (11,
12, 31, 35, 36). In our study, however, in order to
achieve conditions close to those found in vivo, a simu-
lated model was designed. Moreover, material that
reproduced some life-size anatomic structures of refer-
ence (thorax, heart, neck, and mandible) was employed,
which permitted the correct positioning of the CIEDs
and their electrode leads.
With reference to the eﬀective in vivo reproducibility
of in vitro results, some authors have stated that, ﬁrst
and foremost, electric and magnetic ﬁelds decrease
inversely with the square of the distance from the
source (2). Moreover, the surrounding body tissues fur-
ther shield the device from electromagnetic interference
(38). In our study we reproduced human body features;
nevertheless, in vivo tissues, such as skin, fat, muscle,
bone, and teeth, may additionally hinder the conduc-
tion of electromagnetic currents. It is therefore proba-
ble that under in vivo conditions there is less
electromagnetic interference induced by electric pulp
tester, electronic apex locator, ultrasonic dental scaler,
unipolar electrosurge, Osstell ISQ and Periotest M, par-
ticularly in heavily built patients or in those with a high
body mass.
ROEDIG et al. (36) acknowledged that a limitation of
their research was to have studied only one PM/ICD
manufacturer. DODINOT et al. (42) observed diﬀerences
between PMs produced by diﬀerent manufacturers and
concluded that the PM produced by Medtronic was the
most resistant with respect to electromagnetic interfer-
ence. In our study, diﬀerences in electromagnetic interfer-
ence were observed in the CIEDs according to their
manufacturer; those with the lowest electromagnetic
interference were the PMs and ICDs produced by Med-
tronic and Biotronik, respectively.
In summary, our in vitro model permitted a precise
reproduction of in vivo conditions for the experiments
performed. The possibility of carrying out extreme tests
near the CIEDs and the electrode tips demonstrated
that under certain conditions some dental equipment
can trigger electromagnetic interference in PMs and/or
ICDs. Our results show that at a clinical application
distance (20 cm), the electronic dental equipment tested
only provoked light interference (electric noise) in the
CIED examined, irrespective of manufacturer. There-
fore, we can conclude that the dental instruments ana-
lyzed in our study may be used in clinical dentistry for
patients with PMs and ICDs. This study could be of
help in redeﬁning standards and guidelines concerning
the use of electronic dental equipment in patients with
cardiac implanted electrical devices.
Acknowledgements – The authors thank Gloria Perez, MD, PhD,
and Marco Cornejo, DDS, PhD, for their help with the statistical
analyses. The authors express their gratitude to Juan Benito Tur,
Albert Gomez, Omar Ferrus and Ramon Casanovas for their
excellent technical assistance. We also appreciate the support
provided by Medtronic, Biotronik SE KG, Osstell AB and the
staﬀ of the Arrhythmias Unit at Bellvitge University Hospital
(University of Barcelona).
Conflicts of interest – The authors declare that they have no con-
ﬂict of interest.
References
1. MISIRI J, KUSUMOTO F, GOLDSCHLAGER N. Electromagnetic
interference and implanted cardiac devices: the nonmedical
environment (part I). Clin Cardiol 2012; 35: 276–280.
2. PINSKI SL, TROHMAN RG. Interference in implanted cardiac
devices, part I. Pacing Clin Electrophysiol 2002; 25:
1367–1381.
3. PINSKI SL, TROHMAN RG. Interference in implanted cardiac
devices, part II. Pacing Clin Electrophysiol 2002; 25: 1496–
1509.
4. ROZNER MA. Review of electrical interference in implanted
cardiac devices. Pacing Clin Electrophysiol 2003; 26: 923–925.
5. BOSTON SCIENTIFIC CO. Dental equipment and implantable pace-
makers and defibrillators. Natick, MA: Boston Scientiﬁc Co,
2009.
6. BREININGER DR, O’LEARY TJ, BLUMENSHINE RV. Comparative
eﬀectiveness of ultrasonic and hand scaling for the removal of
subgingival plaque and calculus. J Periodontol 1987; 58: 9–18.
7. SATELEC ACTEON GROUP. Satelec P5 booster. Operation man-
ual. Merignac, Cedex: Satelec Acteon Group, 2004.
8. MAIORANA C, GROSSI GB, GARRAMONE RA, MANFREDINI R,
SANTORO F. Does ultrasonic dental scaler interfere with
implantable cardioverter deﬁbrillators? An in vivo testing
J Dent 2013; 41: 955–959.
9. D’ASSUNC ~AO FL, DE ALBURQUERQUE DS, SALAZAR-SILVA JR,
DE QUEIROZ FERREIRA LC, BEZERRA PM. The accuracy of
root canal measurements using the Mini Apex Locator and
Root ZX-II: an evaluation in vitro. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2007; 104: 50–53.
10. MORITA J. Root ZX. Operation instructions. Irvine, CA:
J. Morita MFG Corp, 2009.
11. GOMEZ G, DURAN-SINDREU F, JARA CLEMENTE F, GAROFALO
RR, GARCIA M, BUENO R, ROIG M. The eﬀects of six elec-
tronic apex locators on pacemaker function: an in vitro study.
Int Endod J 2013; 46: 399–405.
12. IDZAHI K, DE COCK CC, SHEMESH H, BRAND HS. Interference
of electronic apex locators with implantable cardioverter deﬁ-
brillators. J Endod 2014; 40: 277–280.
13. DENTAL ELECTRONIC. Denlux B 1000 Pulppen. User’s manual.
Ballerup: Dental Electronic, 2007.
14. LIN J, CHANDLER NP. Electric pulp testing: a review. Int En-
dod J 2008; 41: 365–374.
15. JAFARZADEH H, ABBOTT PV. Review of pulp sensibility tests.
Part II: electric pulp tests and test cavities. Int Endod J 2010;
43: 945–958.
16. XO CARE. Odontosurge. Operation manual. Hørsholm: XO
Care, 2002.
17. DAWES JC, MAHABIR RC, HILLIER K, CASSIDY M, DE HAAS
W, GILLIS AM. Electrosurgery in patients with pacemakers/
implanted cardioverter deﬁbrillators. Ann Plast Surg 2006; 57:
33–36.
18. MEREDITH N, CAWLEY P, ALLEYNE D. The application of
modal vibration analysis to study bone healing in vivo.
J Dent Res 1994; 73: 793.
19. LACHMANN S, J€AGER B, AXMANN D, GOMEZ-ROMAN G, GRO-
TEN M, WEBER H. Resonance frequency analysis and damping
capacity assessment. Part 1: an in vitro study on measurement
reliability and a method of comparison in the determination
Dental equipment and cardiac implantable devices 7
of primary dental implant stability. Clin Oral Implan Res
2006; 17: 75–79.
20. OSSTELL AB. Osstell ISQ. User’s guide. G€oteborg: Osstell AB,
2011.
21. MEDIZINTECHNIK GULDEN. Periotest M. User’s manual. Mo-
dautal: Medizintechnik Gulden, 2007.
22. GREENSPON AJ, PATEL JD, LAU E, OCHOA JA, FRISCH DR,
HO RT, PAVRI BB, KURTZ SM. Trends in permanent
pacemaker implantation in the United States from 1993 to
2009: increasing complexity of patients and procedures. J Am
Coll Cardiol 2012; 60: 1540–1545.
23. EUROPEAN HEART NETWORK AND EUROPEAN SOCIETY OF CARDI-
OLOGY. European cardiovascular disease statistics. Sophia-Anti-
polis, Cedex: European Heart Network and European Society
of Cardiology, 2012. http://www.escardio.org/about/docu-
ments/eu-cardiovascular-disease-statistics-2012.pdf (May
2014).
24. HAUSER RG, ABDELHADI RH, MCGRIFF DM, KALLINEN RETEL
L. Failure of a novel-silicone polyurethane copolymer (Op-
tim) to prevent implantable cardioverter-deﬁbtillator lead
insulation abrasions. Europace 2013; 15: 278–283.
25. GRADAUS R, BREITHARDT G, BOCKER D. ICD leads: design
and chronic dysfunctions. Pacing Clin Electrophysiol 2003; 26:
649–657.
26. EUROPEAN MEDICINES AGENCY. Validation for analytical pro-
cedures: text and methodology step-5. London: European
Medicines Agency, 1995. http//:www.ema.europa.eu (May
2014).
27. WOOLLEY LH, WOODWORTH J, DOBBS JL. A preliminary
evaluation of the eﬀects of electrical pulp testers on dogs
with artiﬁcial pacemakers. J Am Dent Assoc 1974; 89: 1099–
1101.
28. SIMON AB, LINDE B, BONNETTE GH, SCHLENTZ RJ. The indi-
vidual with a pacemaker in the dental environment. J Am
Dent Assoc 1975; 91: 1224–1229.
29. ADAMS D, FULFOR N, BEECHY J, MACCARTHY J, STEPHENS M.
The cardiac pacemaker and ultrasonic scalers. Br Dent J
1982; 152: 171–173.
30. ZAPPA U, STUDER M, MERKLE A, GRAF H, SIMONA C. Eﬀect
of electrically powered dental devices on cardiac parameter
function in humans. Parodontologie 1991; 2: 299–308.
31. MILLER CS, LEONELLI FM, LATHAM E. Selective interference
with pacemaker activity by electrical dental devices. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod 1998; 85: 33–36.
32. GAROFALO RR, EDE EN, DORN SO, KUTTLER S. Eﬀect of elec-
tronic apex locators on cardiac pacemaker function. J Endod
2002; 28: 831–833.
33. PATEL D, GLICK M, LESSARD E. Absence of in vivo eﬀects of
dental instruments on pacemaker function. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 2005; 99: 430.
34. WILSON BL, BROBERG C, BAUMGARTNER JC, HARRIS C, KRON
J. Safety of electronic apex locators and pulp testers in
patients with implanted cardiac pacemakers or cardioverter/
deﬁbrillators. J Endod 2006; 32: 847–852.
35. BRAND HS, ENTJES ML, NIEUW AMEROGEN AV, VAN DER
HOEFF EV, SCHRAMA TA. Interference of electrical dental
equipment with implantable cardioverter-deﬁbrillators. Br
Dent J 2007; 203: 577–579.
36. ROEDIG JJ, SHAH J, ELAYI CS, MILLER CS. Interference of car-
diac pacemaker and implantable cardioverter-deﬁbrillator
activity during electronic dental device use. J Am Dent Assoc
2010; 141: 521–526.
37. DRISKO CL, COCHRAN DL, BLIEDEN T, BOUWSMA OJ, COHEN
RE, DAMOULIS P, FINE JB, GREENSTEIN G, HINRICHS J, SOM-
ERMAN MJ, IACONO V, GENCO RJ, RESEARCH, SCIENCE AND
THERAPY COMMITTEE OF THE AMERICAN ACCADEMY OF PERI-
ODONTOLOGY. Position paper: sonic and ultrasonic scalers in
periodontics. Research, Science and Therapy Committee of
the American Academy of Periodontology. J Periodontol
2000; 71: 792–801.
38. GLIKSON M, HAYES DL. Cardiac pacing. A review. Med Clin
North Am 2001; 85: 369–421.
39. BOSTON SCIENTIFIC CO. Electrocautery and implantable device
systems. Natick, MA: Boston Scientiﬁc Co, 2008.
40. PINSKI SL, TROHMAN RG. Permanent pacing via implantable
deﬁbrillators. Pacing Clin Electrophysiol 2000; 23: 1667–1681.
41. MISIRI J, KUSUMOTO F, GOLDSCHLAGER N. Electromagnetic
interference and implanted cardiac devices: the medical envir-
onment (part II). Clin Cardiol 2012; 35: 321–328.
42. DODINOT B, GODENIR J-P, COSTA AB. Electronic article sur-
veillance: a possible danger for pacemaker patients. Pace
1993; 16: 46–53.
8 Lahor-Soler et al.
